A new saccharolytic species of CZosfridium was isolated from a slurry of rat cecal contents and is described. The single strain isolated often forms cells with two spores. On the basis of several major biochemical characteristics it differs from the only other clostridium species known to form cells with two spores, C. oceunicum. The name CZostridium disporicum is proposed. Type strain DS1 is deposited in the National Collection of Industrial Bacteria as strain NCIB 12424.
MATERIALS AND METHODS
Isolation. All isolation procedures and subsequent handling of the isolate were conducted while maintaining strict anaerobiosis by using either the techniques of Hungate (12) or an anaerobic cabinet (Forma Scientific) containing an atmosphere of N2-H2-C02 (85:10:5, vol/vol/vol). Slurries of rat cecal contents were made in anaerobic dilution solution (4) as described previously by Horn et al. (11) . A sample (1 ml) of the cecal slurry was sealed in a glass ampoule and heated at 60°C for 1 h to select for sporeforming species; after cooling, 0.02 ml of the slurry was streaked on plates of a complex medium (viande, levure, hemin, liver extract, fecal extract; VLhlf) (7) and incubated at 37°C for 2 days in the anaerobic cabinet. Colonies were then picked into supplemented medium 10 (SM10) broth (1). The broths were examined microscopically, and those containing cells with double spores were subcultured into SMlO agar slopes. One strain was isolated by this procedure and designated DSIT.
Type strains. Reference strains of C . acetobutylicum (NCIB 8052T) and C . beijerinckii (NCIB 9362T) were obtained from the National Collection of Industrial Bacteria (NCIB), Aberdeen, Scotland.
Characterization. Identification procedures were those of Holdeman et al. (10) or as follows. For the hydrolysis of gelatin, two methods were used: (i) gelatin agar plates (8), modified by increasing the glucose concentration to 2.5 g liter-' (17); (ii) a nutrient broth containing glucose (1 g liter-') and gelatin (150 g liter-') (3). The gelatin plates were inoculated by streaking with a 24-h culture grown in SMlO broth and incubated for 8 days at 37°C. The plates were then flooded with 30% (wt/vol) trichloroacetic acid. Clear zones indicated areas of gelatin hydrolysis. Nutrient gelatin broths were inoculated and incubated at 37°C for up to 28 days, and positive gelatin hydrolysis was recorded if the medium remained liquid after cooling to 1°C.
Fermentation products from glucose were determined after 7 days of growth in basal SMlO (1) and in the peptoneyeast broth medium of Holdeman et al. (10) . Ether and chloroform extractions of culture supernatants (7) were analyzed by gas-liquid chromatography (2).
Optimum growth temperature and temperature limits for growth were determined after 24 h of incubation with a thermal gradient incubator (16) . A temperature gradient from 12.5 to 48°C was used with approximate intervals of 1.7"C. Tubes containing 9 ml of SMlO broth were inoculated with 0.05 ml of a culture grown in SMlO broth for 24 h at 37°C. The extent of growth was estimated after 24 h of incubation in the thermal gradient incubator by measuring turbidity with a nephelometer (DS 29; Diffusion Systems, Ltd.). Values reported are the means of three replicate runs.
For determination of deoxyribonucleic acid (DNA) base composition, cells of both reference strains from 16-h cultures grown at 37°C in SMlO broth were harvested by centrifugation at 23,000 x g for 30 min in an MSE high-speed 18 centrifuge. The cells were suspended in Tris hydrochloride buffer (pH 8.0; 10 mM) containing EDTA (1 mM) and lysed by the addition of lysozyme (0.2%, wt/vol); after incubating for 1.5 h at 30"C, sodium dodecyl sulfate (2%, wt/vol) was added and incubation continued for a further 1.5 h at 37°C with a final 5-min heat treatment at 70°C. Complete cell lysis of DSIT was difficult to obtain by this method, and the yield of DNA was insufficient for analysis. For this strain, cells were harvested from a 7-h culture grown at 37°C in SMlO containing glycine (0.4%, wt/vol). The addition of glycine to the culture medium impairs cell wall biosynthesis in some species and results in a weakened cell wall (21), allowing more complete lysis during DNA extraction. DNA was purified by the method of Chater et al. (6). The guanineplus-cytosine content (mol% G+C) of the extracted DNA was determined by cesium chloride equilibrium density centrifugation with an MSE Centriscan 75 centrifuge (19) . DNA from a Xanthomonas sp. with a G + C content of 65 mol% was used as a reference.
Samples for protein electrophoresis in the case of the two reference strains were prepared by harvesting approximately 75 mg of cells from colonies on VLhlf plates after 72 h of incubation at 37"C, for maximum yield of cells. For DSIT, cells (approximately 150 mg) were harvested from 10 ml of SMlO broth inoculated with 0.05 ml of a suspension prepared from colony type A or B and incubated at 42°C for 24 h (see Results and Discussion). Whole-cell proteins were extracted Capital letter indicates 210 pmol rn1-I; lowercase, 21 < 10 prnol rn1-l.
Products in parentheses were present in trace amounts. Products: a, acetic acid; p, propionic acid; b, n-butyric acid; 1, lactic acid; s, succinic acid; 2, ethanol; 4, butanol.
PYG, Peptone-yeast broth plus glucose (10 g liter-'): BSMlOG, basal SMlO broth plus glucose (5 g liter-]).
f v e , Positive; -ve, negative; W, weak.
Gas production expressed as + to 4 + .
in sodium dodecyl sulfate, and polypeptides were separated by polyacrylamide gel electrophoresis by the method of Jac kman ( 13) . Preparation of cultures for electron microscopy. Cells from a 29-h culture of DSIT grown in SMlO at 25°C were fixed for 2 h in cacodylate buffer (0.1 M, pH 7.4) containing glutaraldehyde (2.5%, vol/vol). The cells were then stained for 2 h in a solution of equal parts of aqueous ruthenium red (0.15%, wt/vol) and cacodylate buffer (0.1 M, pH 7.4) containing glutaraldehyde (5%, vol/vol). The cells were washed in three changes of buffer and postfixed for 2 h in a 1:l mixture of osmium tetroxide (l%, vol/vol) and aqueous ruthenium red (0.15%, vol/vol). The cells were embedded in low-meltingpoint agarose (l%, wt/vol) which was cut into 2-mm3 blocks. The blocks were dehydrated in a graded ethanol series, transferred into 100% acetone, and then infiltrated and embedded in Spurr resin. Sections were collected on uncoated grids and stained sequentially with uranyl acetate and lead citrate. The sections were examined and photographed in an AEI 801 electron microscope.
RESULTS AND DISCUSSION
A single strain of the double-spored organism DSIT (NCIB 12424T) was obtained in pure culture by the method described above.
Samples of DSIT when streaked onto VLhlf agar from broth culture grown at 37°C gave two colony forms when the plates were incubated for 2 days at 37°C (designated type A and type B). Both conformed to the description of 3 to 4 mm in diameter, cream, translucent, nonentire, and coarsely granular except that type A had an opaque center. The variation in colony morphology appeared to be linked to growth temperature. Two temperature optima were recorded for strain DSIT (Table 1) . When the original culture was grown in broth at the higher optimum temperature (38.5 to 44°C) and then streaked on VLhlf agar and incubated at 37"C, colony type A dominated (>99%); from broth cultures grown at the lower optimum temperature (25 to 26"C), type B was dominant (>99%). From broths at temperatures other than these optima a mixture of type A and B colonies was seen. Microscopic examination of the broth cultures showed double-and single-spored cells in similar proportions at both temperature optima. Spores were never seen during microscopic examination of colonies grown on VLhlf agar, reinforced clostridial agar (Oxoid, Ltd., Basingstoke, England), or SMlO agar, even after 14 days incubation at 37°C.
Colony form on subculture to agar plates similarly appeared to be affected by the growth temperature of the original plate culture. When the original culture was on a plate, subculture of type A colonies to further plates at 25, 28, and 37°C resulted in type A colonies at the higher of these temperatures and type B colonies at the lower; subculture of type B gave only type B at each temperature.
To ensure that both colony types represented the same organism, whole-cell protein patterns were compared. Onedimensional whole-cell protein electropherograms and information derived from DNA-DNA hybridization data have been shown to discriminate at much the same level (15) . Studies of Pseudomonas spp. (18) and Corynebacterium spp. (P. J. H. Jackman, D. Pitcher, S. Pelczynska, and P. Borman, Syst. Appl. Microbiol., in press) have shown that when the protein similarity exceeds 80% between isolates, then DNA homologies of >60% are indicated and the isolates may be regarded as the same species (14) . Visual examination of the protein patterns produced (Fig. 1) by both colony forms of DSIT showed approximately 25 detectable bands with a similarity of greater than 99% (calculated as 25 of 25 bands of the same mobility, i.e., no discernable differences), and both were very different from the protein patterns for C. acetobutylicum and C. beijerinckii. On this basis colony types A and B appear to belong to the same species. Double temperature optima were also recorded for one of the reference strains, C. acetobutylicum NCIB 8052T (Table l) , but variation in colony form was not noted for this organism.
Clostridium disporicum sp. nov. Clostridium disporicum (di.spor'i.cum. Gr. pref. di, two; Gr. n. sporos, seed; Gr. suffix, ikos, pertaining to; N. L. neut. adj., disporicum, pertaining to [or possessing] two spores) cells are rod shaped and 1.5 km wide by 2.5 to 10 km long. They are obligately anaerobic, gram positive, nonmotile, forming subterminal oval spores, and belong to the genus Clostridium. Spores are formed in both ends of some cells. Cells containing two spores are present in a lower proportion than cells with only one spore and form approximately 10 to 20% of the total population. Examination by electron microscopy showed no evidence of incipient cell division or cross-wall formation in cells with two developing or fully developed spores (Fig. 2) .
Anaerobic conditions are required for the growth of DSIT. No growth occurs in a medium without fermentable carbohydrate. The major products from peptone-yeast broth medium containing glucose (0.5%, wthol) are acetic and lactic acid with trace amounts of n-butyric and succinic acids ( Table 1) . Production of short-chain fatty acids is greater in basal SMlO containing glucose (0.5%, wt/vol). A small amount of ethanol is also formed in both media. Moderate amounts of gas are produced.
The following carbohydrates are used by DSIT as carbon sources for growth and acid production: esculin, cellobiose, dulcitol, fructose, galactose, glucose, lactose, maltose, mannitol, mannose, melibiose, raffinose, ribose, salicin, starch, sucrose, trehalose, and xylose. Esculin and starch are both hydrolyzed. Arabinose , inositol, melezitose, rhamnose, and sorbitol are not utilized. DSIT does not liquefy gelatin or digest cooked meat or casein in milk. Lecithinase, lipase, and catalase activities are not present, and indole is not produced.
Reference strains NCIB 8052T and NCIB 9362T (Table 1 ) have a G+C content of 29 mol%. Precise determination of the G+C content of DSIT (38 to 41 mol%) was made difficult by the general broadness of the peak obtained from density centrifugation. Most Clostridium species have a G+C content close to 28 mol% (9); C. oceanicum has a G+C content of 27 to 28 mol%. A second smaller group has a G+C content range from 40 to 54 mol% with C. nexile and C. sphenoides having a content close to that of DSIT at 40 to 41 and 41 to 42 mol%, respectively. In other biochemical characteristics the latter strains have no similarity with DSIT (5).
One other Clostridium species, C. oceanicum, has been reported to produce cells containing two spores (20). This species, however, unlike DSIT hydrolyzes gelatin, a major subdivision in the classification of Clostridium sp. (5). Additionally, C. oceanicum does not ferment lactose, maltose, raffinose, starch, or sucrose, as does DSIT.
The morphological and biochemical characteristics of strain DSIT do not match the characteristics of other species in the genus Clostridium (5); it is therefore proposed to be a new species, Clostridium disporicum. The type strain, DS1, has been deposited in the NCIB as no. 12424.
